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Abstract The toxicity and bioaccumulation of selenite in four microalgae, Spirulina platensis ,
Dunaliella salina, Dunaliella bardawill and Phaeodactylum tricornutum cultured in the presence of
selenite were investigated. Lower concentrations of selenite were generally nontox ic and frequently
stimulated algal growth, while higher concentrations of selenite inhibited algal growth. Selenite was
more tox ic to D. salina and D. bardawill than to S . platensis and P . tricornutum . All algae cul
tured in selenite were able to incorporate Se to different degrees, which depended on algal species.
The distributions of selenite among intracellular macromolecular compounds were different among al
gal species: most of the selenite was associated with proteins in S. platensis , D . salina and D.
bardawill , while most of the selenite was associated with lipids in P . tricornutum , which reflected
the physiological differences among the algae. These observations suggest that algae are able to accu
mulate selenite and bind it with intracellular macromolecular compounds when exposed to high con
centration of selenite. This may represent a form of storage or detoxification of selenite by the algae.
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INTRODUCTION
Selenium is a trace metal present in the range of 10- 8- 10- 10 mol/ L in seawater ( Robberecht
and van Grieken, 1982) . It had been demonstrated that growth of some species of Bacillariophyceae,
Chlorophyceae, Phaeophyceae, Rhodophyceae, Prymnesiophyceae and Prasinophyceae is enhanced
by or is dependent on selenium ( Pintner and Provasoli, 1968; Fries, 1982; Wheeler et al. , 1982;
Keller et al. , 1984, 1987; Price andHarrison, 1988; Harrison et al. , 1988; Viso et al. , 1989) .
Nevertheless selenium is also a toxicant to algae at relatively high concentrations ( Wheeler et al. ,
1982; Wong and Olivera, 1991; Boisson et al. , 1995) , which not only inhibits algal growth,
breaks cell ultrastructure and decreases or eliminates storage products, but also blocks the energy
transducing system ( Wong and Olivra, 1991) . Recently, high concentrat ion of selenium was found
in rivers, reservoirs and coastal waters ( Davies and Linkson, 1991; Carroll et al. , 1998; Peters et
al. , 1997; Canton and van Derveer, 1997) .
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Algae exposed to environmental selenite can concentrate selenite from medium and sequester it
into intracellular macromolecular compounds, such as proteins, lipids and carbohydrates, which may
const itute a detoxif icat ion mechanism ( Wrench, 1978; Bottino et al. , 1984; Price et al. , 1988;
Boisson et al. , 1995) . In some algal species, selenium can be incorporated into enzymes with Se
amino acids as their functional group such as glutathione peroxidase which remove toxic peroxides,
thus preventing membrane damage ( Mattoo et al. , 1988; Price and Harrison, 1988) . Nevertheless,
selenium compounds in excess exert toxic effects by interfering with sulphur metabolism ( Shrift ,
1954a, b; Wheeler et al. , 1982) .
Toxicity and bioaccumulation of selenium in four cultured microalgae, Spirulina platensis ,
Dunaliella salina, Dunaliella bardawill and Phaeodactylum tricornutum, were investigated in expo
nentially growing cells. Intracellular part ition of selenium was also studied.
MATERIALS AND METHODS
Algal culture
Four species of microalgae were stock cultured in our laboratory: Spirulina platensis from
Cyanophyceae, Dunaliella salina and Dunaliella bardawill from Chlorophyceae, and Phaeodactylum
tricornutum from Bacillariophyceae. Batch cultures of algae were grown in natural filtered seawater
enriched with f / 2 medium for marine species, and in freshwater with the Zarrok medium for S .
platensis , under a light ( 100- 150 E/ ( m2 s) ) : dark regime ( 12 h 12 h) at 18 ! for P. tricor
nutum and at 28 ! for the other species. For toxicity experiments, cultures of microalgae were ex
posed to selenite concentrations of 0. 1, 1. 0, 10. 0, 50. 0, 100. 0 and 200. 0 mg/ L Se for S .
platensis , 0. 1, 1. 0, 5. 0 and 10. 0 mg/ L Se for D. salina and D . bardawill , 0. 1, 1. 0, 5. 0,
10. 0 and 25. 0 mg/ L Se for P . tricornutum. Cell growth was monitored by measuring absorbance at
680 nm after brief vortex mixing ( 3 replicates per concentration) .
Determination of accumulation of selenite by microalgaewas conducted at 10mg/ L Se. It should
be noted that algae grown without added SeO3
2- are not necessarily devoid of Se since traces may be
present as contaminates in media. For studies in which each alga was isolated and analyzed for selen
ite, algae were grown in 800 ml volumes and pooled at harvest. Algae cultured in the absence and
presence of SeO2-3 were grown simultaneously. Algae samples were harvested during the exponential
growth period and rinsed three t imes with 50 ml of 0. 5 mol/L ammonium formate to eliminate salt ,
and freeze dried.
Biochemical Analysis
Biochemical constituents were separated into lipids ( CHCl3 fraction) , proteins (TCA insoluble
fraction) , polysaccharides, and nucleic acids (TCA soluble fract ion) according to the procedure of
Terry et al. , ( 1983) .
Selenium determination
Selenium was determined according to Wang et al. ( 1996) . Algae and fract ions from extraction
steps were digested in a mixture of nitric acid and perchloric acid ( 4 1, V/V) at 210 ! . After di
gestion, the solution was treated with 4mol/L HCl for 10min at 170 ! and cooled to room tempera
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ture; pH was adjusted to 1. 5 with ammonium hydroxide ( 1 1 diluted with milli Q water) . The 2, 4
iaminonaphthalene ( Sigma AG) derivative of selenite was extracted into the cyclohexane phase. After
centrifugat ion at 4000 r/ min for 10 min, the organic phase was subjected to analysis using Shimadzu
RF 535 fluorescence spectrophotometer. The selenite content was determined using known standards.
RESULTS
Effects of selenite on growth of microalgae
Fig. 1 shows the growth of S . platensis , P. tricornutum , D. salina and D. bardawill in the
presence of selenite. At lower concentrations, selenite had no inhibitory effects on growth of microal
gae, concentrations of 5 mg/ L or lower stimulated the growth of the four microalgae. Selenite at 10
mg/ L inhibited the growth of D. salina and D. bardawil severely, but the inhibit ion on S . platen
sis and P . tricornutum was less pronounced. With increase in concentration of selenite, the growth
of S. platensis and P . tricornutum was inhibited to some degree. S. platensis could tolerate higher
concentration of selenite than the other three algae.
Fig. 1 Growth curve of four microalgae in the presence of different concentrations of selenite in the medium
a. Spirulina platensis; b. Phaeodactylum tricornuium ; c. Dunaliella salina; d. Dunaliella bardawill









Total 74. 72 ∀ 6. 4 48. 61 ∀ 3. 3 26. 88 ∀ 2. 8 135. 13 ∀ 13. 6
Proteins 53. 20 ∀ 3. 5( 71. 20) 45. 57 ∀ 3. 5( 93. 75) 2. 81 ∀ 0. 20(10. 45) 30. 11 ∀ 2. 8( 22. 28)
Lipids 4. 60 ∀ 0. 6( 6. 16) 1. 76 ∀ 0. 3( 3. 62) 0. 86 ∀ 0. 16(3. 20) 81. 19 ∀ 5. 4( 60. 08)
Polysaccharides
and nucleic acid
1. 78 ∀ 0. 3( 2. 38) 0. 70 ∀ 0. 13( 1. 44) 0. 42 ∀ 0. 03(1. 56) 23. 98 ∀ 1. 7( 17. 75)
a) Algae were exposed to 10 g/ L Se as selenite. Biochemical components were isolated by the TCA extract ion procedure of Terry et al.
( 1983) . Se concentrat ion is expressed in g/ g Se dry wt . Mean values ∀ 1 S. D. ( 3 replicates per sample) .
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Effect of selenite on the growth of P . tricornutum was t ime dosage dependent. During the first
10- 12 days, the growth of P . tricornutum was not influenced by Se even under high concentration
of Se ( 25 mg/ L) , but with longer exposure, growth was inhibited.
Accumulation and distribution of selenite in microalgae cells
Table 1 shows the Se concentration and distribution in different components when the chemical
extract ion procedure of Terry et al. ( 1983) was used. Each algae was able to incorporate the element
to different degrees when exposed to 10 mg/L Na2SeO3, which depended on algal species. P. tri
cornutum contained the highest concentration of selenite, up to 135. 13 g/g Se, and D. bardawill
Se content was the lowest , 26. 88 g/ g Se. The distribution of Se in biochemical components also
varied among algae. Most of the Se was associated with the protein fraction in S. platensis and D .
salina ( 71. 20 % and 93. 75 % respectively) , very little Se amount with lipids, polysaccharides
and nucleic acids. In D. bardawill , very little Se was absorbed into cells, and only about 15. 21 %
of the total Se was associated with macromolecular components, among which 10. 45 % was associat
ed with proteins. Most of the Se was associated with lipids in P. tricornutum , up to 60. 08 % of the
total Se in cells, proteins and polysaccharides nucleic acids contained 22. 28 % and 17. 75 % of the
total Se respectively.
DISCUSSION
It is evident from the present results that toxicity of selenite to algae is related to algal species
and environmental Se concentration. Selenite was more toxic to D. salina and D. bardawill than to
P . tricornutum and S . platensis . Relatively lower concentrations of selenite ( 0. 1- 1 mg/ L) were
generally nontoxic and frequently stimulated algal growth, but higher concentration of selenite ( above
10 mg/L) severely inhibited algal growth. This is in agreement with the results obtained by other au
thors using different algal species ( Price et al. , 1987; Lindstrom and Rhode, 1978; Bott ino et al. ,
1984; Wheeler et al. , 1982; Wong and Oliver, 1991; Boisson et al. , 1995) . The mechanism of
selenium toxicity is not clear. Selenite can react with sulfhydryl groups and inhibit sulfhydryl enzymes
such as succinic dehydrogenase in the Krebs cycle ( Ray and Ray, 1975) . Selenite also inhibits pho
tosynthesis and decreases chlorophyll concentration in both phytoplankton and higher plant cells
(Sielicki and Burnhant, 1973; Padamaja et al. , 1989, 1995; Wong and Olivera, 1991) . The in
hibitory actions of selenite on energy transducing mechanisms of cells certainly explain the strong
growth reduction and/ or total inhibition observed in microalgae at higher concentrations.
This experiment showed that when algae are exposed to environmental Se in the form of selenite,
they are able to incorporate the element to different degrees, depending on the algal species. The dis
tribution of Se in macromolecular components of cells varied among algae. In cells of S. platensis ,
D. salina and D. bardawill treated with high concentrations, most of the selenite was associated
with proteins, and in P . tricornutum, most of the selenite was associated with lipids. Wrench
( 1978) observed that about 55% of
75
Se taken up by Tetraselmis tetrathele and Dunaliella minuta
was associated with cellular proteins. A fraction of this was present as hydrogen selenide, and the re
maining Se was in the form of selenoamino acids. Boisson et al. ( 1995) also found in a Prymnesio
phyte algae Cricosphaera elongata that most of the selenite absorbed in cells was associated with pro
teins. Price and Harrison ( 1988) working at very low concentrations in the culture medium, found
that protein bound selenium comprised 51% of the total selenium in the marine diatom. In contrast ,
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Bottino et al. , ( 1984) found that most of the Se incorporated by Dunaliella primolecta and Chlorella
sp. was extracted from the free amino acid and soluble carbohydrate fraction ( 73% and 98% , re
spectively) . Whereas Fish and Reinfelder ( 1991) reported that 80% and 84% of the cellular Se was
bound to lipids in Porphyridium cruentum and in the Bacillariophyceae Thalassiosira pseudonana re
spectively. These results indicated that selenometabolites are different among algae; that these Se
containing compounds may be the end products of metabolic pathways designed to detoxify high levels
of Se, or may be the results of indiscriminate incorporation of Se into macromolecules by processes,
which may or may not be enzymically mediated. Many of the seleno amino acids synthesized by these
algae cannot be incorporated into protein ( Price et al. , 1988) . Our results also revealed that only
15% of selenite in cells of D. bardawill was found in macromolecular components, which means
that other selenite incorporated into cells might exist as low molecular weight compounds, such as se
leno amino acids or hydrogen selenide, which need further study.
In conclusion, the results show that lower concentrations of selenite are generally nontoxic and
frequently stimulated algal growth, while higher concentrat ions inhibited algae growth. Selenite was
more toxic to D. salina and D. bardawill than to S . platensis and P. tricornutum . The above four
microalgae were able to absorb and accumulate selenite in cells when exposed to environmental Se.
The absorbed selenite in cells was associated with macromolecular components, which may const itute
a detoxif icat ion mechanism, but distribution of selenite in macromolecular components varied greatly
among algae, which reflects the physiological difference among algae.
ACKNOWLEDGEMENTS
The authors are very grateful to the Natural Science Foundation of China and the Science and
Technology Commission of Fujian Province, who funded this research.
References
Boisson, F. , Gnassia Barelli, M . , Romeo, M. , 1995. Toxicity and Accumulation of selenite and selenate in the uni
cellular marine alga Cricosphaera elongata. Arch. Environ . Contam. Toxicol. 28: 487- 493.
Bottino, N. R. , Banks, C. H. , Irgolic, K. J. et al. , 1984. Selenium containing amino acids and proteins in ma
rine algae. Phytochemistry . 23: 2445- 2452.
Canton, S. P. , van Derveer, W. D. , 1997. Selenium toxicity to wildlife: an argument for sediment based water
quality criteria. Environ. Toxicol . Chem . 16: 1255- 1259.
Carroll, B. I. , Peters, G. M. , Barford, J. P. et al. , 1998. Microbial and redox dependent aspects of selenium bio
geochemistry in a selenium contaminated lake. Lake Macquarie, NSW. Proceedings of the 2nd International Con
ference on Environmental Management. Wollongong, 10- 13 Feb. Oxford: Elsevier, pp. 221- 228
Davies, W. A. , Linkson, P. B. , 1991. Selenium discharge from power station ash dams: Eraring, Vales point.
Quantity, speciation and strategies for control. Department of Chemical Engineering , University of Sydney, Syd
ney.
Fisher, N. S. , Reinfelder, J. R. , 1991. Assimilation of selenium in the marine copepod Acartia tonsa studied with
a radiotracer ratio method. Marine Ecology Progress Series 70: 157- 164.
Fries, L. , 1982. Selenium stimulates growth of marine macroalgae in axenic culture. J . phycol. 18: 328- 331.
Harrison, P. J. , Yu, P. W. , Thompson, P. A. et al. , 1988. Survey of selenium requirements in marine phyto
plankton. Mar . Ecol. Prog. Ser . 47: 89- 96.
Keller, M. D. , Guillard, R. R. L. , Provasoli, L. et al. , 1984. Nutrition of somemarine ultra plankton clones from
the Sargasso Sea. Eos . 65: 898.
284 CHIN. J. OCEANOL. LIMNOL. , 21( 3) , 2003 Vol. 21
Keller, M . D. , Selvin, R. C. , Claus, W. et al. , 1987. Media for the culture of oceanic ulraplanton. J . Phycol.
23: 633- 638.
Lindstrom, K. , Rhode, W. , 1978. Selenium as a micronutrient for algae in laboratory experiments in some Swedish
lakes. Hydrobiol. 70: 77- 85.
Matto, A K . , Baker, J. E. , Moline, H. E. , 1988. Induction by copper ions of ethylene production in Sp irodela
oligorrhiza: Evidence for a pathway independent of 1 aminocyclopropane 1 carboxlic acid. J . Plant. Phy siol.
123: 193- 202.
Padmaja, K. , Prasad, D. D. K. , Prasad, A. R. K. , 1989. Effect of selenium on chlorophyll biosynthesis in mug
bean seedlings. Phytochemistry . 28: 3321- 3324.
Padmaja, K. , Somasekharaiah, B. V. , Prasad, A. R. K. , 1995. Inhibition of chlorophyll synthesis by selenium:
Involvement of lipoxygenase mediated lipid peroxidation and antioxidant enzymes. Photosynthetica. 31: 1- 7.
Peters, G. M . , Maher, W. A. , Barford, J. P. et al. , 1997. Selenium associations in estuarine sediments: redox
effects. J . Water , Air and Soil Pollution 99: 275- 282.
Pintner, I. J. , Provasoli, L. , 1968. Heterotrophy in subdued light of 3 chrysochromulina species. Bull Misaki Mar .
Biol . I nst . Kyoto Unv . 12: 25- 31.
Price, N. M. , Harrison, P. J. , 1988. Specific selenium containing macromolecules in the marine diatom Thalas
siosira p seudonana. Plant Physiol. 86: 192- 199.
Price, N. M . , Thompson, P. A. , Harrison, P. J. , 1987. Selenium: An essential element for growth for coastal ma
rine diatom Thalassioira pseudonana ( Bacillariophyceae) . J . Phycol. 23: 1- 9.
Ray, N. R. , Ray, A. K. , 1975. Liver succinox idase and kidney dehydrogenase activities on selenium toxicity. In
sian Vet . J . 52: 267- 270.
Robberecht, H. , van Grieken R. , 1982. Selenium in environmental waters: determination and concentration levels.
Talanta, 29: 823- 844.
Shift. A. , 1954a. Sulphur selenium antagonism. I: Anti metabolic action of selenate on the growth of Chlorella vul
garis . Am. J . Bot. 41: 223- 230.
Shift. A. , 1954b. Sulphur selenium antagonism. # : Anti metabolic action of selenomethionine on the growth of
Chlorella vulgaris . Am. J . Bot. 41: 345- 352.
Sielicki, M. , Burnhant, J. C. , 1973. The effects of selenite on the ohysiological and morphological properties of the
blue green alga Phormidium luridum var. Olivacea. J . Phycol . 9: 509- 514.
Terry, K. L . , Hirata, J. , Laws, E. A. , 1983. Light limited growth of two strains of the marine diatom Phaeodacty
lum tricornutum Bohlin: chemical composition, carbon partitioning ad the diel periodicity of physiological process
es. J . Exp . Mar . Biol . Ecol . 68: 209- 227.
Viso, A . C. , Boisson, F. , Rom o, M. et al. , 1989. Combined effects of sulphate, selenium ( selenate or selenite)
and duration of experiment on a coenocytic alga Bryopsis sp. Mar . Environ. Res . 28: 515- 519.
Wang , Z. J. , Xie, S. M. , Peng, A. , 1996. Distribution of Se in soybean samples with different Se concentration.
J . Agric. Food . Chem . 44: 2754- 2759.
Wheeler, A . E. , Zingaro, R. A . Irgolic. K . et al. , 1982. The effect of selenate, selenite and sulfate on the growth
of six unicellular marine algae. J . Exp . Mar . Biol. 57: 181- 194.
Wrench, J. J. , 1978. Selenium metabolism in the marine phytoplankters Tetraselmis tetrathele and Dunaliella minuta.
Mar . Biol. 49: 231- 236.
Wong , D. , Oliveira, L. , 1991. Effects of selenite and selenate on growth and motility of seven species of marine mi
croalgae. Can. J . Fish. Aquat . Sci . 48: 1193- 1200.
285No. 3 WANG et al. : TOXICITY AND ACCUMULATION OF Se IN MICROALGAE
